It takes a lot of effort to grow a new coat, and no one can afford to be profligate! Yet every time a crab feels the squeeze in its shell, the metabolic cost of upsizing is the last thing on its mind. So how can a moulting crab make good economy when upgrading to a bigger shell?
Studies on male crabs indicate that their stores of essential trace metals vary throughout their moult cycles. In addition, uptake of water around the time of moulting causes an increase in haemolymph (blood) volume and an associated gain in mass. Recent experiments by Ulrik Nørum and his colleagues at the University of Southern Denmark take these findings a little further. Nørum's team wondered if it was possible to metabolically cost the crab's moult cycle and was intrigued to know whether males and females tackled moving up a size in the same way.
The Danish researchers grouped nearly 200 male and female shore crabs (Carcinus maenas) into six major moult stages. They then measured blood volume at each moult stage by first injecting crabs with a known amount of the radiolabelled [ 14 C]inulin. Two hours after injection, they drew blood samples and measured [ 14 C]inulin levels by placing the samples in a radiation detector. Their results reveal an impressive threefold increase in blood volume immediately before moulting. And there was a difference between the sexes; female crabs retain less water than males.
In order to discover where, and when, trace metals were lurking, the team also measured copper and zinc concentrations in midgut gland tissue, gill tissue, muscle tissue and exoskeleton at each moult stage. By pooling these results, the scientists were able to estimate whole-body copper and zinc content.
Nørum's team found that shore crabs were able to maintain stable body levels of precious trace metals during most of their moult cycle. Amazingly, this stability persisted despite major changes in the concentrations of copper and zinc within different tissues. Newly formed exoskeletons, for instance, contain 74% less copper than premoult exoskeletons.
The Danish team reckons that, against this backdrop of cyclic ion fluctuations, premoult dilution of the blood counteracts changes in trace metal content. Put simply, by diluting their blood and altering where and when they store trace metals, crabs maintain whole-body stability in metal content throughout their upsizing activities.
The research also suggests that male and female crabs employ different strategies for keeping hold of their valuable trace metals. For example, female crabs store more copper and zinc in their blood and midgut, and more zinc in their gills, than do males. Although cyclical changes in trace metal levels are likely to reflect muscle breakdown, starvation, exoskeleton resorption and moulting in both sexes, the reasons behind these different storage strategies pose another interesting puzzle.
The Danish research clearly reveals that crabs are armed with an array of sophisticated strategies to minimise the metabolic costs of upsizing. The study also underlines the need to measure both tissue concentrations and whole-body contents if we are to determine exactly how crabs keep their metal balance. 
ASYNCHRONICITY: A JOB FOR TROPONIN C
The high wing-beat frequencies of many insect species allows them to fly with remarkable precision, land virtually anywhere (sometimes upside down) and even hover! The key to their flying skills lies in the asynchronous flight muscle, a peculiar type of muscle exclusive to some insects. Unlike ordinary skeletal muscle, which is directly regulated by cyclic calcium concentration changes in the muscle fibres, asynchronous flight muscle is relatively insensitive to calcium and is fully activated by stretching, resulting in asynchrony between electrical and mechanical events. Following an initial calcium stimulus, the asynchronous flight muscle contracts in an oscillatory fashion that produces resonant changes in the shape of the thorax concomitant with the wing movements, at frequencies that can reach 1000 Hz in midges! Although the molecular mechanisms that control stretch activation of asynchronous flight muscle are not yet known, the role of the troponin complex in skeletal muscle contraction is well understood. The troponin complex is composed of several components: the inhibitory subunit troponin I, troponin H and the regulatory subunit troponin C (TnC). The binding of TnC to two calcium ions induces a conformational change of the troponin, which exposes the myosin-binding site of actin and allows the actin and myosin filaments to form cross-bridges, causing the muscle to contract. Since TnC has a fundamental role in vertebrate skeletal muscle contraction, Qiu and collaborators decided to investigate whether TnC might also be involved in the regulation of the asynchronous flight muscle. Receptors for bitter molecules have only recently been discovered in mammals. In Drosophila, a family of putative taste receptor genes has been identified, some of which may encode for receptors tuned to bitter substances. Behavioral studies had shown that quinine (the bitter substance in tonic water) has a repulsive effect on flies. However, it was not known whether flies have taste neurons that specifically respond to such substances.
Taste sensilla on the forelegs of flies usually house four taste neurons that have been classified according to the substances they generally respond best to. There is one for water, one for sugar and two for salts. The sensilla play a role in determining feeding choice. Meunier and colleagues first identified a number of bitter compounds that were effective in influencing feeding behavior. They gave the flies the choice between a blue sugar solution and a red sugar solution mixed with a bitter substance, using the food colorings to check the preferred choice. Fortunately, Drosophila is small enough and has a relatively transparent abdomen, so they could tell from the color that a number of substances that taste bitter to us had been avoided.
But how are bitter substances detected? They could either inhibit the normal taste neuron response to sugar or they could
ASYNCHRONOUS MUSCLE TASTE

YOUR SWEET SKIN…
It is a basic tenet that good osmoregulation starts with an impermeable barrier to the outside world, but some skins are more watertight than others. Unlike reptiles, poor amphibians must spend their lives in damp places to prevent themselves from drying out through their leaky skins, while the waxy cuticle of small terrestrial insects has allowed them to survive some of the planet's most arid conditions. It is thus perhaps surprising to find a water channel in skin that is essential for skin's barrier properties.
Many cells are more water permeable than lipid bilayers allow. This led to the discovery of the aquaporins, or water channels, which are members of the major intrinsic protein (MIP) family. Some aquaporins play predictable roles -for example, a class of diabetes insipidus is due to a defect in aquaporin 2 in the kidney, preventing concentration of the primary urine. Others let through small organic solutes, such as aquaporin 3 (AQP3) which is permeable to water and glycerol (the archetypal 'aquaglyceroporin'). This unusual aquaporin is abundantly expressed in the keratinocytes of the mammalian epidermis. Hara and Verkman's paper shows that in mammalian skin it is glycerol permeability, rather than water, that is important to keep skin watertight.
They had shown previously that an AQP3-knockout mouse was normal, except that it had dry skin -specifically, the overlying stratum corneum had only a third of the normal water content, compromising its elasticity and barrier properties. So a battery of tests was used to delineate the defect. Firstly, the mice were crossed into a hairless background, to give easier access to the skin. Then, they measured skin conductance and 3 H2O permeability to find out how watertight the skin was in the absence of AQP3. They found that by administering glycerol to the mutant mice, they could restore their skin to normal levels of watertightness. Interestingly, glycerol was effective not just topically but also intraperitoneally or even orally. Also, the improvement was specific to glycerol and was associated with an increase in glycerol levels in the stratum corneum to near normal levels. They also used a skin elasticity meter before and after glycerol treatment, showing that glycerol doubled the skin's elasticity.
The integrity of skin is compromised daily by minor abrasions. This was simulated by applying sellotape to the skin of the mutant mice and peeling it off, so removing most of the stratum corneum layer and so compromising the barrier function. Glycerol restored the rate of recovery of water barrier function to near wild-type levels and so was useful in the recovery of barrier integrity. Finally, they demonstrated in vitro that the defect in the dermis of AQP3-knockout mice was due to twofoldreduced glycerol uptake. The various experimental glycerol supplementations were therefore acting to bypass the defective transport system.
The take-home message is thus that a member of the aquaporin family can actually reduce water loss through the skin by increasing water content of the SC and thus maximizing the integrity of the barrier. However, it does this not by the obvious way but by increasing glycerol content. Why should glycerol be so important? It seems to act in two ways; firstly, it inserts into and directly increases the fluidity of lipid bilayers and, secondly, it is hygroscopic and helps to hold water in the SC. The glyceroltransporting properties of AQP3 must thus be seen as a feature, rather than an irksome complication of the intuitively simple 'aquaporin=water channel' story.
As well as its physiological impact, the authors point out a relevance to our everyday lives; glycerol has been used in cosmetic preparations for over two hundred years as a humectant (moisturizer) and to improve the elasticity of skin. Now we have a scientific explanation for the practice. First, Meunier ruled out the possibility that bitter substances exclusively inhibit the sugar response of taste neurons. A fly usually sticks out its proboscis when a drop of sugar solution is applied to its foreleg. Meunier could decrease the probability of this reflex response when he gave a bitter substance to the other leg before he applied the sugar. This other leg hadn't seen any sugar solution, so the bitter substance could not have just inhibited the taste neurons in this leg that respond to sugar.
Meunier and colleagues went on to test whether they could identify neurons that are responsive to bitter substances by looking directly at neuronal responses. They used small glass capillaries filled with an electrolyte and various combinations of sugar and bitter compounds. These capillaries were placed briefly over the tip of sensillum and served both as a recording electrode and to deliver the stimulus. The action potentials of the four different neurons in a sensillum could be filtered and sorted according to the cell type. It turned out that in some sensilla bitter substances activate the taste neuron called L2, which has been classified as responding best to higher salt concentrations. L2 cells in other sensilla responded best to a different selection of bitter substances, so a range of receptor molecules with different specificities must exist. In addition, bitter substances inhibited the taste neuron that responds best to sugar and the neuron that responds to water. Interestingly, this inhibitory effect was also present in sensilla that showed no response of the L2 cell.
These findings should provide a solid physiological basis for understanding detection and discrimination of bitter compounds in Drosophila. Given the powerful genetic tools available in Drosophila, there is reason to expect that general principles about the molecular mechanisms of chemoreception will eventually emerge. 
